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Example Port Window with Multiple Concave Intemal Lens Features



U.S. Patent Nov. 14, 2023  Sheet 4 of 14 US 11.815.257 B1

s

T *r rrr rrF rr T TroTroa

- T r T
L N B N O

T
f e e e e e e e e e L a a ewow
+ + +

[N
[ I I B N DO B L O B
- =

-

[ BN |

-
LI
-

4
- & r T
4 LR
L B I B
4
LK
1

d

"

L ]

L)
+ [
'I-i-i-i-i'i"I-II

+ +

-
 + d
 F + o F

L
*

*
[
"

L IR
LI I B B
L UL B B B B B BN | + +
LA T T N B
+ + F + + + + + F 4+

LI R W

[ ]
[

*
+
i-"ii-"'l'llllll

-
L I | L]

4 +
+ + r = + r v + 4
+ + r-l-'-r-l-iii
+ + + 4 4
L]

A F F FFFFFJFFFFFEFREERTPF

-

+

o

+
+ &
4

+

L]

-

+

+

-

L T L N L B O
v bk o+ -
-

L]

-

-

L]

L]

4 4 F F F
+

+ + + &

1 T
4 +
4

 + + + F FF
+
[

+
+ & + + + &

kA kAR

*

L

d B & ¥ + + F L
-,

.I:l:":'I'I'I.I.I

A
LB B

= d & F
* o
* F FF F FFFFFFFFPFsrErFrEFFrFrEFEFFFdFFFF

FELF
+ *
-
]

-
+
+*
-
-
L]

A FFERF &
i-“'l-"i-"l-"'l-“l-“
* + + F 4

ok ko F
o

-
-+
+ +
+ +
+ +
+ +
* T
LK
+ 4
LI
LI

A F R I F ¥ &+

+
+
-

L
+
L

* F o+
*

[
L N B B B B B B

+
+
+
L]
-
+
L]
-
-

4 ok oh h ok

+
+
+
+
+
-
-
-
+
-
- +
-

4
4
4
1
4
4
4
4

 F &+ o F

F
F
L

= F & F F
L]
F

4
lii‘iii
LI DL B I RO B )

4
L IE B B B I AN

L

- B "W EE
LI + %" " B BB E K]
4 B B B B B B BN

+*
+
+
+
-
-
L]
L]
L]
L]
L]

-
L]
-
-
+
+
-
+*
-
-
-

[
L

[
 F F F
*

*

i"_'l'l'

L N
+ & &
L

[
L

+
*

+
+l-

L]
-
-
L]
-
-
L]
-
-
-
L]
L]

L N B B B B B BB A

Ill‘l‘ll
‘II-“‘

-
-

= B B B B B B % p
R EEES N F
B E kR R AR

' -

EEERAEX

ettt .
I R I ]

IEEEEERERER
R IR A

. RN RN L

N N R

e NN L]
N R I N N L]

E e T T R T I

R EEEELE
s ' LI N ]
ek Ak Ak
(I IR EEREREEERAER]

. N ER

.. R NN

.o __-'l- L] ++++ +i+++ i‘i‘ -
s e '

R . | A T T e e [ ]
[ [ CEIEIE NI LI | -
L R 4+ + o+ AN A " EER

LY LR -
" A - % AR a"a"s o L) -
LY 1 I EEREER A AR L R A E E E A A Rl A e N L L
N E X N EEE R L ! L] R EEE R IR L N TR B E W R W W WY WYY R AN -
N L L . A % % % AT AR AR AN
N IR EEE L EEE R "% R B %W AR AR AR LR AN -
TR R W W W W T W W h W WA W W AN
TR YA R L Y -
EEELEAER LI L
IEEREREREX LI =
. e R W AR
E A e I o =
RN EEEERER " h kR E
r + IERE R kR =
+ 4 LIE TR "k kR
R EEEER] - E kR =
IEERERLAERK] EEkEE
IR % kN ]
. + 4+ + A + 4+ T rr et R ARk =k kNN
IIEELTN] "Rk ]
r IR EEEERERER, T r T Tk kAN LIE L] EE kR
- - . [ T [ - E -
+ 4 B4 v + ++ 4k h %% % %W ET % EAEEELERELEE 1
. LN EE L LA L N A A A A e L]
I EEE AR L A A e e e e N N e .
| + F o+ 4+ I EEEEEE R A A A L A A A L e LI
I R I A A N A A N I EEEEER LR R LR A AL R L] L
N - L e T R I EEEEERL L E R R R L T A R A e LY
N E R E L EE N + R E A ERE L E LA A R A A A R L A L] L
A A RO T F bt bt hh ok ok chhh kot ET 4T A EEEERER AR R AR R R A R L L] L]
I N I I T I T R A R EEEEEE LR L E L A E ] -
R AT T b R bt L L TE N T P LN LT T R I R A
L T+ b+ + IEEEREEEE LI IR ERER] LI Ak ko ok h LR
[ LR L I EEEEEEEREREREENENX. I EERLIEREEEEERK LT RE]
. CEE R T F o+ h +k tchoch ok okt hoht F tF oA RN IR LK
e L IR LI IR EEEEERE] -
[ - LI ) LI LR LI ]
EEEEE T r T+t +F + + chh t hchchch okt A+ T LI N N N N N N T ]
EEEREE ] - + + a4+ I EEE R E EE ]
CE T T vk ok k kA ok LI N A A N I S LI ]
s e AT v b+ At A 1+ + v v v r v 4+ +F + + A At kot kR A Ak
e T T rr T AT T o wm mrrTrrTrTrTTTTAT YT Tt amATT w
CCE EE T N 1+ r T+ I EEEEERE RN
e LT LI I E R E I E E
e IR LI N ir s+ x4 IR EEEEE EE A E ]
[ IR N A N IR E R E E E E R EE
e EEE I R R I N EE LR
.. TR N N I LR L E E EE ]
| LREREE DK rtd T r Tttt ETT T I EEERLERER
T D T I R R N T LI LN N EE R ]
N N ) R AR R]
N T T T T N P
* R R N N N N N N R I N | L RN
W EEEE T T T T R S e I e e . 1A - N I ]
. R E X EEEE IR -
. A N N N R RN T A A A LI ]
' . .. '] + 4+ ++ b bt A AT A
- Vo N N -
. I N N
VA r L N N -
T R R I T A
o rTrTTTiTTTTATTE AT -

4

il .":r.-;

+ n
LI I | 1-|'-r'-r++++++++‘-i+++i+i+i‘++++1++'r1

FIG. 2D

Example Port Window with Multiple Concave Intemal Lens Features
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UNDERWATER LIGHTS WITH PORT
WINDOWS INCLUDING LENS FEATURES
FOR PROVIDING TAILORED OUTPUT
BEAMS

FIELD

This disclosure relates generally to lighting devices. More
specifically, but not exclusively, the disclosure relates to
underwater lights including a port window with concave or
other light diverging or converging window features that are
paired with lighting elements such as LEDs to provide a
tatlored output beam.

BACKGROUND

Lighting devices have long used flat windows positioned
1n a port (“port windows”) to allow light through to an area
where lighting 1s desired. For example, many underwater
lights, particularly those for deep ocean applications, use a
flat window of a high strength matenial such as acrylic or
sapphire to withstand large external pressures at deep
ocean depths such as 100 meters or more. Some underwater
lights alternately use dome or similar shaped port windows.

Many modem lights use semiconductor lighting elements,
typically light emitting diodes (LEDs), which provide high
efficiency conversion of electrical energy to visible light or
in some applications mirared (“IR”) or ultraviolet (“UV™)
light. When used 1n lighting devices, the LED light output
1s passed through a port window, typically flat in shape, with
the flat shape of the window limiting the output beam-width
of the light. Many modem lights use multiple LEDs to pro-
vide more total light output and/or a slightly wider beam;
however, lights using a tlat port window will have a beam-
width limited by the optical properties of the port material
and medium the light passes through (e.g., the retractive
index). These properties limit the overall beam-width of
lights that use flat, smooth surtace shaped port windows.

Accordingly, there 1s a need for improved lighting device
components and assemblies to address the above described
as well as other problems.

SUMMARY

This present mvention relates generally to lighting
devices. More specifically, but not exclusively, the disclo-
sure relates to underwater lights including a port window
with concave or other light diverging or converging window
features that are paired with lighting elements such as LEDs

to provide a tailored output beam.
For example, 1n one aspect the disclosure relates to an

underwater light for ocean use at depth. The light may
include a housing configured to withstand underwater pres-
sures at a depth of approximately 100 meters or more. The
housmg may include a front end with a port and a back end.
The housing may further include a port window, including a
plurality of lens features, positioned at the front end of the
housmg within or behind the port. The housing may further
include a circuit element, mcluding a plurality of lighting
clements, positioned behind the window, with the lighting
elements positioned mm correspondence with the lens fea-
tures so at to generate a pre-defined tailored output beam.

The light may further include a battery disposed in the
housing and electrically coupled to the circuit element for
powering the lighting elements and/or a power connector
disposed at the back end of the housing to provide electrical
power to the circuit element and lighting elements.
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The lens features may be internal and/or external lens fea-
tures. The port window may be a substantially flat disc-
shaped port window. One or more of the lens features may
be concave, convex, or other shaped lens features on the
interior side of the port window. The lighting elements
may be light emitting diodes (LEDs). One or more of the
lens features may be external lens features formed in an
optical element attached to the window port. The window
port may be a disc or other shaped port. One or more of
the lens features may be concave or conical lens features
cut or molded 1n the port window.. One or more lens features
may be convex lens features cut or molded m the port
window.

The plurality of lens features includes may mclude four or
more lens features. The lens features may be oriented 1 a
circular array. The plurality of lens features may include
cight or more lens features.. The underwater light of Claim
1, wheremn the lighting elements comprise light emitting
diodes (LEDs), lasers, or other light emtting devices.

The plurality of lens features comprise concave cuts or
concave shapes molded n the port window and the concave
cuts or molded shapes may have central axes, The LEDs or
other lighting elements may positioned 1n correspondence
with the plurality of lens features so that the central axes
of the lens teatures are aligned with corresponding central
axes of the LEDs or other lighting elements. Alternately, one
or more lens features may be positioned unaligned with the
central axis, such as bemng offset theretrom. The port win-
dow may comprise one or more of an acrylic material, a
sapphire material, a polycarbonate material, a glass mate-
rial, and/or other fully or partially transparent materal.
The port window may be colored or filtered to provide a
particular spectrum or range of light output wavelengths.

Various additional aspects and details are described
further below 1n conjunction with the appended Drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present application may be more fully appreciated 1n
connection with the following detailed description taken 1n
conjunction with the accompanying drawings, wheren:

FIG. 1A and FIG. 1B 1illustrate details of a prior art flat
port window for use 1n a lighting device.

FIG. 2A and FIG. 2B 1llustrate details of an embodiment
of a flat port window including a plurality of concave cross-
sectioned internal lens features.

FIG. 2C and FIG. 2D illustrate an embodiment of an
acrylic flat port window having eight concave cross-sec-
tioned mternal lens features cut or molded therem.

FIG. 3A and FIG. 3B illustrate details of an embodiment
of a flat port window including a plurality of internal conical
cross-sectioned internal lens features.

FIG. 4A and FIG. 4B 1llustrate details of an embodiment
of a flat port window mncluding a plurality ot external con-
cave cross-sectioned lens features positioned on the mnterior
side of the port window.

FIG. SA and FIG. 5B illustrate details of an embodiment
of a flat port window including a single circular imnternal par-
tially concave cross-sectioned lens feature.

FIG. 5C illustrates details of an embodiment of a flat port
window including a single square lens feature with a par-
tially concave cross-section.

FIG. 5D 1illustrates details of an embodiment of a flat port
window mcluding a plurality of linear lens features having a
partially concave cross-section.
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FIG. 6 A and FIG. 6B illustrate details of an embodiment

of a flat port window including a single circular conical
cross-sectioned lens feature.

FIG. 7A 1llustrate details of a lighting device embodiment
including a flat port window with a plurality of concave
internal lens features, with the features positioned 1n corre-
spondence with associated light emitting diodes (LEDs).

FIG. 7B 1llustrates details of an embodiment of a lighting
device including a window, housing, and LEDs, assembled
as shown 1n FIG. 7A.

FIG. 7C 1illustrates additional details of the embodiment
of FIG. 7B.

FIG. 8 illustrates details of the flat port window of FIG.
SA and FIG. 5B with the circular partially concave lens fea-
ture positioned m correspondence with a plurality of LEDs.

FIG. 9 1llustrates details of various embodiments of alter-
nate lens feature shapes.

DETAILED DESCRIPTION OF EMBODIMENTS

Overview

Various additional aspects, features, and functions are
described below 1 conjunction with the embodiments
shown 1n FIG. 1 through FIG. 9 of the appended Drawings.

It 1s noted that as used herein, the term, “exemplary”
means “‘serving as an example, mstance, or illustration.”
Any aspect, detail, function, implementation, and/or embo-
diment described herein as “exemplary” 18 not necessarily to
be construed as preferred or advantageous over other
aspects and/or embodiments.

In addition, as used heremn an internal lens feature 1s a lens
feature that 1s cut, molded, or otherwise formed within a
window port so that material 1s omitted or removed to
form the teature (¢.g., as shown as feature 230 cut or molded
in the port window embodiment shown mm FIG. 2B). An
external lens feature 1s a lens feature that 1s attached to or
raised above the surface of a port window so that additional
material 1s effectively added to the wimmdow port (e.g., as
shown as feature 430 1n the port window embodiment of
FIG. 4B). An extenior side or surface of a port window 1s
that side exposed to the outside environment (e.g., scawater
or other liquads or gases). An mterior side or surface of a
port window 1s the side opposite the side exposed to the out-
side environment. In most applications, the lens features,
either internal or external, are positioned on the interior
side of the wimdow port, however, mm some specialized
embodiments, depending on the refractive and/or other
properties of the medium and lens feature materials and
shape, the lens features may be disposed on the exterior
side of the window port.

Typical embodiments of the lights described herein may
be used for deep ocean or other high pressure applications.
For example, the associated light housing may be configured
for operation at depths of 100 or more meters, 1000 or more
meters, 10,000 or more meters, or other deep water applica-
tions. Some applications may include structural housings for
operation to the deepest depth of the ocean at approximately
35,000 feet. Additional embodiments, however, may
include housings or other structural enclosures for more
shallow water operation, or, mn some embodiments, for
operation 1n the air or 1n other gaseous environments.

For example, 1n one aspect the disclosure relates to an
underwater light for ocean use at depth. The light may
include a housing configured to withstand underwater pres-
sures at a depth of approximmately 100 meters or more. The
housmng may include a front end with a port and a back end.
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The housing may further include a port window, including a
plurality of lens features, positioned at the front end of the
housing within or behind the port. The housing may further
include a circuit element, including a plurality of lighting
elements, positioned behind the window, with the lighting
elements positioned 1n correspondence with the lens fea-
tures so at to generate a pre-defined tailored output beam.

The light may further include a battery disposed in the
housing and electrically coupled to the circuit element for
powering the lighting elements and/or a power connector
disposed at the back end of the housing to provide electrical
power to the circuit element and lighting elements.

The lens features may be internal and/or external lens fea-
tures. The port window may be a substantially ftat disc-
shaped port window. One or more of the lens features may
be concave, convex, or other shaped lens features on the
interior side of the port window. The lighting elements
may be light emitting diodes (LEDs). One or more of the
lens features may be external lens features formed 1n an
optical element attached to the window port. The window
port may be a disc or other shaped port. One or more of
the lens features may be concave or conical lens features
cut or molded 1n the port window.. One or more lens features
may be convex lens features cut or molded m the port
window.

The plurality of lens features includes may mclude four or
more lens features. The lens features may be oriented 1 a
circular array. The plurality of lens features may include
e1ght or more lens features.. The underwater light of Claim
1, wheremn the lighting elements comprise light emitting
diodes (LEDs), lasers, or other light emtting devices.

The plurality of lens features comprise concave cuts or
concave shapes molded n the port window and the concave
cuts or molded shapes may have central axes, The LEDs or
other lighting elements may positioned 1n correspondence
with the plurality of lens features so that the central axes
of the lens features are aligned with corresponding central
axes of the LEDs or other lighting elements. The port win-
dow may comprise one or more of an acrylic material, a
sapphire material, a polycarbonate material, a glass mate-
rial, and/or other fully or partially transparent materal.
The port window may be colored or filtered to provide a
particular spectrum or range of light output wavelengths.

Various additional aspects, details, and embodiments are
described turther below 1n conjunction with the appended
drawing figures.

Example Embodiments

Turning to the drawings, FIG. 1A and FIG. 1B illustrate
details of a typical prior art port window 100 used 1 under-
water lights as well as other types of lighting applications.
Window 100 1s disc-shaped (circular when viewed looking
at the top or bottom, rectangular looking side on) and has a
uniform thickness and flat surface, as do typical ports for
underwater lighting applications. Light passing through
this type of window will be refracted as a function of the
refractive mdex of the window maternial as well as the sur-
rounding media (e.g., air, water, other liquids, etc.).

Some lights use other port shapes, such as dome shapes,
and some types of optics use convex or concave shaped
lenses to bend light based for a desired application. How-
ever, existing lighting device port windows, particularly
those 1n lights using multiple LEDs (or other lighting ele-
ments), do not provide mmdividual optical features that are
associated with mdividual lighting elements or with arrayed
lighting elements 1 multiple groups.
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FIG. 2A and FIG. 2B illustrate details of one embodiment

of a port window 200 1n accordance with aspects of the pre-
sent invention. Port window 200 may comprise a fully trans-
parent, or 1n some embodiments partially transparent, mate-
rial 1n a circular shape with a uniform thickness and having 5
multiple lens features 230. In a typical embodiment with
multiple lighting elements (e.g., LEDs), each lens feature

1s paired with one of the lighting elements; however, some
embodiments may have lens features combined with multi-
ple lighting elements or vice-versa. For example, in one 10
embodiment, a light may include multiple groups of LEDs,
with each group having its separate lens feature. Conversely,

in some embodiments, each LED may have multiple asso-
ciated lens features.

In various other embodiments, a port window m accor- 15
dance with the presently mvention may be 1n a shape other
than circular (e.g., oval, rectangular, etc.), and may have
varying thickness (rather than the uniform thickness of
port window 200) with a plurality of lens features. Port win-
dow embodiments such as window 200 as well as the other 20
embodiments described subsequently herein may comprise
various materials or combinations of materials such as sap-
phire, acrylic, polycarbonate, polyester, nylon, amorphous
nylon, glass, and/or other materials. As shown 1n cross-sec-
tion 1n FIG. 2B, the lens features 230 may be cut, formed, 25
molded, or otherwise disposed on an mterior side of the port
window 200. However, 1n some embodiments the lens fea-

tures may be positioned on the exterior side of the port win-
dow (not shown 1n FIG. 2B).

In an exemplary embodiment, port window 200 includesa 30
plurality of internal lens features 230 (in this example, e1ght
lens features) cut, molded, or otherwise formed within the
port so as to correspond with associated LEDs or other light-
ing elements (not specifically shown m FIG. 2A or FIG. 2B,
but shown in FIG. 7A as LEDs 770). A typical lens feature 3>
creates a concave surface or other lens shape that caused
divergence of light when passed through the lens feature.
Conversely, some embodiments may use an alternate lens
feature shape to cause light convergence rather than diver-
gence (such as, for example, when a tailored spot or narrow 49
beam pattern 1s desired). Other example lens features may
be conical-shaped features, spherical-shaped lens features,
aspherical-shaped lens features, compound-shaped lens fea-
tures, parabolic-shaped lens features, pyramidal-shaped lens
features, and the like. The particular shape of the lens fea-
tures may be selected based on a desired light pattern for a
particular lighting application. Some embodiments may use
multiple lens features with individual features having differ-
ent shapes, sizes, and/or positions 1 the window port to
create a particular taillored light beam for a desired

application.
For example, although the lens features 230 are shown 1n

port window embodiment 200 1n a circular array 1n the port
window, they may be oriented in various other arrange-
ments, such as rows of circular arrays, rectangular grids,
non-uniformly spaced arrays, or other orientations depend-
ing on the desired position of their associated LEDs or other
lighting elements m the light as well as the desired light
divergence or convergence and/or pattern required by a par-
ticular lighting application.

In operation, each of lens features 230 may be positioned
in the lighting device m conjunction with one or more asso-
ciated LEDs (or other lighting c¢lements) so that the lens
teatures will be shaped with bends outward or mward to
diverge or converge light from 1ts corresponding LED or
LEDs so as to broaden, narrow, or otherwise modity the
corresponding beam pattern from 1ts LED or LEDs so as
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to be broader or narrower than it would otherwise be 1f
passed through a port of substantially uniform thickness.
Some embodiments may use combinations of internal and
external lens features, and the features may be positioned
on one or both sides of the port window depending on the
desired light pattern or beams and/or other parameters, such
as operating environment parameters, refractive indexes,
and the like. In a typical application, the lens features are
positioned on the mterior side of the window port.

In an exemplary embodiment, the lens features such as
lens features 230 are concave-shaped cuts, milled shapes,
molded shapes, or otherwise removed or omitted material
from the window. The cutout may form a concave, convex,
or hybrid lens within the window as an internal lens feature
(such as shown 1 FIG. 2B). The internal lens features will
diverge or converge light coming from their associated
LEDs to provide a wider or narrower beam pattern, respec-
tively, than would otherwise be provided by a flat port such
as port 100 of FIG. 1A (or other port shape that lacks multi-
ple lens features).

As noted previously, in some embodiments, concave lens
features may be formed or attached to the surface of the port
window as external lens features, rather than as cut or
molded internal lens features. This may be alternately used
to provide light divergence as shown 1n the embodiments of
FIG. 4A and FIG. 4B. External lens features may be posi-
tioned on the interior or exterior sides (or both) of a port
window, as may interior lens features.

In some embodiments, lens features as described herein
may be formed, cut, molded, attached, or otherwise posi-
tioned on lens ports with other shapes besides flat and/or
uniform port window shapes to generate a particular beam
pattern or patterns from the light. Some examples of other

lens feature shapes are shown 1n FIG. 10.
In an exemplary embodiment, each concave lens feature

230 may have a central axis 231 as shown 1 FIG. 2B. Axis
231 may be aligned with a corresponding central or feature
axis of 1ts associated LED (not shown 1n FIG. 2B, but illu-
strated with respect to LED 770 1n FIG. 7A). In alternate
embodiments, the feature axis may be unaligned, such as
by being offset from the LED axis, for example, to provide
a wider beam divergence 1n a particular direction from a
specific LED and feature combiation. In the 1illustrated
embodiment shown 1n FIG. 2B, the top side 220 of window
200 1s flat and of uniform thickness; however, 1t need not be
so and may have other shapes and/or thicknesses and cross-
sectional profiles 1n various embodiments.

FIG. 2C 1llustrates details of one implementation of a port
window 200C with mternal lens features 230C machined
into flat circular window 200C as shown. Mounting holes
203C are also shown 1 FIG. 2C. FIG. 2D 1s an image of
window 200C from an angled view showing additional

details of formation of the concave lens features 230C.
FIG. 3A and FIG. 3B illustrate details of another embodi-

ment of a port window 1n the form of window 300, which
includes conical cross-sectional shaped internal lens fea-
tures 330. Port window 300 has the same number of lens
features 330 as port window 200, however, as with port win-
dow 200 1t may likewise have different numbers and/or
arrangement of lens features and the port window may like-
wise be of ditferent shapes, sizes, thicknesses, etc.

In an exemplary embodiment, lens feature 330 may have
a central axis 331 as shown 1n FIG. 3B. In an exemplary
embodiment, axis 331 may be aligned with a corresponding
central or feature axis of 1ts associated LED (not shown 1n
FIG. 3B, but illustrated with respect to LED 770 n FIG.
7A). In alternate embodiments, the feature axis may be ofl-
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set from the LED axis, for example, to provide a wider beam
divergence 1n a particular direction from a specific LED and
feature combination. In this embodiment the top side 320 of
window 300 1s flat, however, it need not be so and may have
other shapes 1n various embodiments. 5

FIG. 4A and FI1G. 4B 1llustrate details of another embodi-
ment of a port window 1n the form of port window 300,
which includes external lens features 432 1n external optical
clement 430. External optical element 430 may be a piece of
the same type of material as the port window or, mm some 10
embodiments, may be of a different material, such as to con-
trol refraction or for physical/structural reasons, light col-
oration or filtering, or to adjust other parameters of the tai-
lored light. For example, mm some embodiment the ditferent
material may be selected so as to have pre-defined optical 1°
features such as a different color, refractive index, or other
properties to control the transmission and/or refraction of
light. Specific lens features 432, such as concave-shaped
cut or molded features or other features such as conical fea-
tures, etc., may be formed or cut mto the external optical
clement 430 so as to provide light divergence as with corre-
sponding mnternal lens features described previously herein.
In some embodiments, the external optical element 430 may
be molded or cut directly from a port window blank rather
than bemg separate made and attached to the window. Com-
bmations of mternal and external lens features providing
convergent and divergent beams may be used to provide
specifically tailored light for a particular application. As
with mternal lens features, external lens features may com-
prise concave, convex, spherical, round, triangular, or other
lens shapes as described herem.

In some¢ embodiments, an optical coupling material 433,
such as an optical adhesive, silicone or other optical grease
and the like may be placed between the external optical ele- 4
ment 430 and the window 400 so as to maximize light trans-
mission between the two elements. As with the previously
described embodiments, port window 400 1t may likewise
have different numbers and/or arrangement of lens features
and the port window may likewise be of different shapes, 4
sizes, thicknesses, etc.

In an exemplary embodiment, each concave lens feature
430 may have a central axis 431 as shown 1n FIG. 4B. Axis
431 may be aligned with a corresponding central or feature
ax1s of 1ts associated LED (not shown 1n FIG. 4B, but illu- 45
strated with respect to LED 770 i FIG. 7A). In alternate
embodiments, the feature axis may be offset from the LED
ax1s, for example, to provide a wider beam divergence 1 a
particular direction from a specitic LED and feature combi-
nation. In this embodiment the top side 420 of window 400 50
1s flat; however, 1t need not be so and may have other shapes
1n various embodiments.

FIG. 5A and FIG. 5B 1llustrate details of another embodi-
ment of a port window 1n the form of window 500. Window
S00 differs from the previously illustrated port window 55
embodiments as 1t has a single circular lens feature 530
the form of a circular-shaped partially concave internal
oroove 1n window 500 cut or molded 1n the mterior side
510 of port window 500 (although alternate embodiments
may include additional circular lens features and/or addi- ©Y
tional lens features as described previously herein m addi-
tion to feature 530). In this embodiment, a plurality of light-
ing elements such as LEDs (not shown in FIG. SA or FIG.
SB) may be positioned 1n a circular array behind the circular
lens feature so that the circular lens feature causes diver-
ogence of a portion of the light emitted from the LEDs. In
this embodiment the top side 520 of window 500 1s flat,
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however, 1t need not be so and may have other shapes n

various embodiments.
In alternate embodiments, a port window such as window

500 may have a lens feature or features similar to the circu-
lar lens feature S30 that are cut or molded 1n the window 1n a
shape other than circular, such as 1n the form ot one or more
lines, ovals, squares or rectangles, triangles, 1irregular arrays,
etc., with LEDs positioned behind the lens feature so that the
lens feature causes the light from the LEDs to diverge or
converge to a desired tailored beam pattern or patterns.

For example, FIG. 5C illustrates an alternate window
embodiment 500C ncluding a square-shaped lens feature
S530C cut, molded, or otherwise formed on a bottom side
of the window (opposite the top side S20C as marked 1n
FIG. 5C). LEDs 570C may be positioned behind the win-
dow m correspondence with the lens feature 570C as

shown i FIG. 5C.
FIG. 5D illustrates another alternate window embodiment

S00D mncluding multiple linear lens features 530D (in this
example three, but other numbers may be used and may be
combined with circular or other lens features) cut, molded,
or otherwise formed on a bottom side of the window. (oppo-
site the top side 520D as marked mn FIG. 5D). LEDs 570D
may be positioned behind the window 1n correspondence

with the lens feature S70D as shown 1n FIG. SD.
FIG. 8 illustrates additional details of port window embo-

diment 500 as placed 1n front of an associated circuit board
having a plurality of LEDs 770. In this embodiment, light
from the LEDs 770 1s divergent outward (towards the cir-
cumierence) and inward further than 1t would otherwise be
divergent through a flat port window or a window lacking
the circular lens feature 530. This results m a wider beam

than through a conventional flat port window.
The cross-sectional shape of the lens feature 530 may, 1n

alternate embodiments, have shapes other than a circular or
oval shape as shown 1n FIG. 5B, such as a partially rectan-
oular or square shape, or other shapes that bend light rays 1n
a particular targeted direction. FIG. 6A and FIG. 6B 1llus-
trate one such alternate cross-sectional shape 1n the form of

a triangular cross-section.
In an exemplary embodiment, the center circle of feature

530 may be aligned with axes of the associated LEDs. In
alternate embodiments, the center circle of feature 330
may be offset from the LED axes to, for example, provide

a wider beam divergence 1n a particular direction from a

specific LED.
FIG. 6 A and FIG. 6B 1illustrate details of another embodi-

ment of a port window 1 the form of round port window
600 with internal lens features. Window 600 1s similar to
window 500, however, the circular feature 630 1s a cut or
molded internal lens feature on the nterior side 610 of
port window 600, with the feature having a triangular
cross-sectional shape rather than a circular or oval cross-
sectional shape as 1n window 300. In this embodiment the
top side 620 of window 600 1s flat; however, 1t need not be

so and may have other shapes 1n various embodiments.
In an exemplary embodiment, the center of triangular fea-

ture 630 may be aligned with axes of the associated LEDs.
In alternate embodiments, the center of feature 630 may be
offset from the LED axes to, for example, provide a wider

beam divergence 1n a particular direction from a specific

LED.
In various embodiments, the port window embodiments

described previously herein may be used m an underwater
light to provide a wider and/or directionally tailored light
shape. For example, the port windows described heremn
may be used 1n various embodiments of lights 1n combina-
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tion with other lighting elements and configurations such as
those described 1 co-assigned patent applications and
patents including: U.S. Pat. Application Serial No. 12/
844,759, entitled SUBMERSIBE LED LIGHT FIXTURE
WITH MULTILAYER STACK FOR PRESSURE TRANS-
FER, filed Jul. 27, 2010, U.S. Pat. 8,033,677, entitled DEEP
SUBMERSIBLE LIGHT WITH PRESSURE COMPEN-
SATION, 1ssued Oct. 11, 2011, U.S. Pat. 8,167,468, entitled
LED LIGHTING FIXTURES WITH ENHANCED HEAT
DISSIPATION, 1ssued May 1, 2012, U.S. Pat. 8,616,725,
entitled LED SPHERICAL LIGHT FIXTURES WITH
ENHANCED HEAT DISSIPATION, 1ssued Dec. 31, 2013,
U.S. Pat. 9,091,416, entitled PATHWAY ILLUMINATION
DEVICES, METHODS, AND SYSTEMS, 1ssued Jul. 28,
2015, U.S. Pat. 9,151,484, entitled LED LIGHTING
DEVICES AND SYSTEMS FOR MARINE AND SHORE-
LINE ENVIRONMENTS, 1ssued Oct. 6, 2015, U.S. Pat.
9,429.301, entitled SEMICONDUCTOR LIGHTING
DEVICES AND METHODS, 1ssued Aug. 30, 2016, U.S.
Pat. 9,506,628, entitled SEMICONDUCTOR LIGHTING
DEVICES AND METHODS, 1ssued Nov. 29, 2016, and
U.S. Pat. 9,574,760, entitled LIGHT FIXTURE WITH
INTERNALLY-LOADED MULTILAYER STACK FOR
PRESSURE TRANSFER, scheduled to 1ssue on Feb. 21,
2017. Each of the above applications and patents are 1ncor-
porated by reference herein 1n their entirety and may be

denoted as the “mcorporated applications” for brevity.
FIG. 7A 1llustrates details of use of a port window such as

described previously herein in an underwater light embodi-
ment, such as the light shown 1n FIG. 7B. Any of the port
windows described previously herein, with any of the var-
1ous port window features as described herein, as well as
their equivalents and variants described herein, may be

used 1n various similar light embodiments.
As shown 1n FIG. 7A, a port window, such as, for exam-

ple, port window 200 having multiple internal lens features,
may be positioned 1 a light housing or other structure 750
in front of a printed circuit board 760 or other substrate or
mounting element for a plurality of lighting elements, such
as LEDs 770 having a central axis 771 as shown. In an
exemplary embodiment the printed circuit board and LEDs
are of the type described 1n the mcorporated applications as
a “stack light” configuration. Exemplary stack light embodi-
ments are described in co-assigned and incorporated U.S.
Pat. Application Senial No. 12/844.759, and additional
details are described m mcorporated U.S. Pat. 9,754,760.
In the embodiment of FIG. 7A, the LED axis 771 1s
aligned with the centerline of concave feature 230 axis 231
to provide substantially uniform divergence of light out of
window 200. Other orientations, however, may also be used
to shape the output light beam to a different predefined pat-
tern or beam shape. O-rings 752 may be used to seal the
front or light output end of the light of FIG. 7A. Various
additional details of various light housings and related elec-
tronics, mechanical features, port windows that may be
combined with the disclosures herein 1n additional embodi-
ments are further illustrated 1 the mcorporated applications.
FIG. 7B illustrates an exemplary embodiment of a light
700 including a housing 750 with a port window, such as
port window 200, having multiple lens features 230 to
broaden the associated output light beam. A stack light

internal circuit board and optics configuration, such as
described 1 U.S. Pat. Application Serial No. 12/844,759,

entitled SUBMERSIBE LED LIGHT FIXTURE WITH
MULTILAYER STACK FOR PRESSURE TRANSFER,
filed Jul. 27, 2010, may be used within light housing 750
to generate power and signaling to control LEDs and also
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transfer pressure through the window 200, one or more cir-
cuit boards, and to the housing.

FIG. 7C 1illustrates additional details of the port window
of embodiment 700. As shown 1n FIG. 7C, the port window
200 may include a plurality (e.g., 8 1n this example) of inter-
nal lens features 230 associated with corresponding LEDs
770.

FIG. 9 illustrates details of other example port window
lens features that may be used mn various embodiments.
Window port detaill 910 shows a conical cross-sectioned
internal port window feature from a side and top down
view. Detail 920 shows a linear-conical internal port win-
dow feature, likewise from a top down and cross-sectional
view. Detail 930 shows yet another embodiment of a win-
dow feature with an irregular shape. The irregular shape
may be 1 the top down orientation, cross-sectional orienta-
tion, or both, depending on the desired light pattern. The
examples of FIG. 9 are shown merely to illustrate the variety
of shapes, positions, and si1zes of internal or external features
that may be used in various embodiments and 1S not
intended to be limiting 1n any way.

As noted previously herein, internal and external lens fea-
tures may mclude shapes other than concave, conical, or
pyramidal/triangular. For example, some embodiments
may use spherical, aspherical, compound, and/or parabolic
shaped lens features. For example, 1n one application a tai-
lored beam may be 1n a “bat wing” shaped pattern, 1n which
case a beam may be formed using a window feature shaped
with a compound surface with conical and spherical shaped
feature elements. In addition, while most of the examples
herein 1illustrate and describe symmetric lens features, n
some embodiments an asymmetric feature shape may be
desirable. For example, use of oblong, oval, or other irregu-
lar shapes may be used 1n lens features to provide a particu-
lar tailored beam shape.

Further, while typical applications provide divergent,
“outward bent” beam shapes, m some embodiments such
as noted previously herein, a partially or tully narrowed
beam pattern may be desired. For example, narrowed
beams may be used for a spot light beam pattern, or an
asymmetrical beam pattern with broadening 1n one direction
and narrowing m another may be desired. These beams may
be formed with correspondingly shaped lens features, either
alone or 1 combination 1n the form of multiple differently-
shaped lens features, which may be internal, external, or
both.

The scope of the present invention 1s not mtended to be
limited just to the aspects shown herem, but 1s to be
accorded the full scope consistent with the disclosures and
drawings and their equivalents, wherein reference to an ele-
ment 1 the singular 1s not intended to mean “one and only
one” unless specifically so stated, but rather “one or more.”
Unless specifically stated otherwise, the term “some” refers
to one or more. A phrase referring to “at least one of” a list
of 1items reters to any combination of those 1tems, including
single members. As an example, “at least one of: a, b, or ¢”
1s intended to cover: a; b; c;aand b;aandc; band ¢; and a, b
and c.

It 1s noted that as used herein the terms “component,”
“unit,” “element,” or other singular terms may refer to two
or more of those members. For example, a “component™
may comprise multiple components. Moreover, the terms
“component,” “unit,” “element,” or other descriptive terms
may be used to describe a general feature or function of a
group of components, units, elements, or other i1tems. For
example, an “RFID unit” may refer to the primary function
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of the umt, but the physical unit may mclude non-RFID
components, sub-umts, and such.

The previous description of the disclosed aspects 18 pro-
vided to enable any person skilled 1n the art to make or use
embodiments of the present mvention. Various modifica-
tions to these aspects will be readily apparent to those
skilled m the art, and the generic principles defined herein
may be applied to other aspects without departing from the
spirit or scope of the disclosure. For example, features
described previously with respect to specific embodiments
may be combined with features described previously with
respect to other embodiment 1n yet further embodiments 1n
accordance with the invention. Thus, the presently claimed
invention 1s not mtended to be limited only to the aspects
shown herein but 1s to be accorded the widest scope consis-
tent with the appended Claims and their equivalents.

We claim:

1. An underwater light, comprising:

ahousing configured to withstand underwater pressuresata
depth of approximately 100 meters or more, the housing
having a front end with a port and a back end;

a port window, including one or more concave lens features,
positioned at the front end of the housing within or
behind the port with the concave lens features on the
interior facing side of the port window; and

a circuit element, including a plurality of lighting elements,
positioned behind the window, with the lighting ¢le-
ments positioned m correspondence with the concave
lens features so as to generate a pre-defined tailored out-
put beam.

2. The underwater light of claim 1, further comprising a
battery disposed 1n the housing and electrically coupled to
the circuit element for powering the lighting elements.

3. The underwater light of claim 1, further comprising a
power connector disposed at the back end of the housing to
provide electrical power to the circuit element and lighting
clements.

4. The underwater light of claim 1, wherein the port window
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1s a substantially tlat disc-shaped port window, one or more of +0

the concave lens features are on the mterior side of the port

window, and the lighting elements are light emitting diodes
(LEDs).

S. The underwater light of claim 1, wherein the plurality of 45

lens features comprise eight lens features.

6. The underwater light of claim 1, wherein one or more of
the lens features comprise external lens features formed 1n an
optical element attached to a window port disc.

7. The underwater light of claim 1, wherein the lens features
include one or more concave lens features cut ormolded in the
port window.

8. The underwater light of claim 1, wherein the lighting
clements comprise lasers.

9. An underwater light, comprising;:

ahousing configured to withstand underwater pressuresata

depth of approxmmately 100 meters or more, the housing

having a front end with a port and a back end;
a port window, mcluding one or more convex and/or con-

cave lens features, positioned at the front end of the hous-
ing within or behind the port; and

a circuit element, including a plurality of lighting elements,
positioned behind the window, with the lighting ¢le-
ments positioned 1n correspondence with the lens fea-
tures so as to generate a pre-defined tailored output beam;

wherein one or more of the lens features comprise external
lens features.

10. An underwater light, comprising:
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a housing configured to withstand underwater pressures ata
depth of approximately 100 meters or more, the housing
having a front end with a port and a back end;

a port window, including one or more convex and/or con-
cave lens features, positioned at the front end of the hous-
ing within or behind the port; and

a circuit element, mmcluding a plurality of lighting elements,
positioned behind the window, with the lighting ele-
ments positioned 1n correspondence with the lens fea-
tures so as to generate a pre-defined tallored output beam;

wherein one or more of the lens features comprise mternal
lens features.

11. Anunderwater light, comprising:

a housing configured to withstand underwater pressures ata
depth of approximately 100 meters or more, the housing
having a tront end with a port and a back end;

a port window, including one or more convex and/or con-
cave lens features, positioned at the front end of the hous-
ing within or behind the port; and

a circult element, including a plurality of lighting elements,
positioned behind the window, with the lighting ele-
ments positioned m correspondence with the lens fea-
tures so as to generate a pre-defined tailored output beam;

wherein one or more of the lens features comprise external
lens features formed 1 an optical element attached to a
window port disc, and the light elements are LEDs.

12. An underwater light, comprising:

a housing configured to withstand underwater pressures at a
depth of approximately 100 meters or more, the housing
having a tront end with a port and a back end;

a port window, including one or more convex and/or con-
cave lens features, positioned at the front end of the hous-
ing within or behind the port; and

a circuit element, including a plurality of lighting elements,
positioned behind the window, with the lighting ele-
ments positioned 1 correspondence with the lens fea-
tures so as to generate a pre-defined tailored output beam,;

wherein the one or more lens features are conical-shaped
lens features.

13. An underwater light, comprising:

a housing configured to withstand underwater pressures ata
depth of approximately 100 meters or more, the housing

having a front end with a port and a back end;
a port window, including one or more convex and/or con-

cave lens features, positioned at the front end of the hous-
ing within or behind the port; and

a circult element, including a plurality of lighting elements,
positioned behind the window, with the lighting ele-
ments positioned 1n correspondence with the lens fea-

tures so as to generate a pre-defined tailored output beam;

wherein one or more of the lens features are circular par-
tially concave lens teatures.

14. An underwater light, comprising:

a housing configured to withstand underwater pressures ata
depth of approximately 100 meters or more, the housing

having a front end with a port and a back end;
a port window, including one or more convex and/or con-

cave lens features, positioned at the front end of the hous-
ing within or behind the port; and

a circult element, including a plurality of lighting elements,
positioned behind the window, with the lighting ele-
ments positioned m correspondence with the lens fea-
tures soas to generate a pre-defined tailored output beam;

wherein one or more of the lens features are linear concave
lens features.

15. An underwater light, comprising:
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ahousing configured to withstand underwater pressuresata
depth of approximately 100 meters or more, the housing
having a front end with a port and a back end;

a port window, including one or more convex and/or con-
cave lens features, positioned at the front end of the hous-
ing within or behind the port; and

a circuit element, including a plurality of lighting elements,
positioned behind the window, with the lighting ¢le-
ments positioned 1n correspondence with the lens fea-
tures so asto generate apre-defined tallored output beam;

wherein one or more of the lens features are rectangular
partially concave lens features.

16. An underwater light, comprising:

ahousing configured to withstand underwater pressuresata
depth of approximately 100 meters or more, the housing
having a front end with a port and a back end;

a port window, mcluding one or more convex and/or con-
cave lens features, positioned at the front end of the hous-
ing within or behind the port; and

a circuit element, including a plurality of lighting elements,
positioned behind the window, with the lighting ¢le-
ments positioned 1n correspondence with the lens fea-
tures so asto generate apre-defined tallored output beam;

wherein the one or more of the lens features are circular
conical lens features.

17. An underwater light, comprising:

ahousing configured to withstand underwater pressures ata
depth of approximately 100 meters or more, the housing
having a front end with a port and a back end;

a port window, mcluding one or more convex and/or con-
cave lens features, positioned at the front end of the hous-
ing within or behind the port; and

a circuit element, including a plurality of lighting elements,
positioned behind the window, with the lighting
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elements positioned 1n correspondence with the lens fea-
tures so as to generate a pre-defined tailored output beam,;

wherein the one or more lens teatures are lens features hav-
ing irregular cross-sections.

18. An underwater light, comprising:

a housing configured to withstand underwater pressures ata
depth of approximately 100 meters or more, the housing
having a front end with a port and a back end;

a port window, including one or more convex and/or con-
cave lens features, positioned at the front end of the hous-
ing within or behind the port; and

a circuit element, including a plurality of lighting elements,
positioned behind the window, with the lighting ele-
ments positioned 1 correspondence with the lens fea-
tures soas to generate a pre-defined tailored output beam;

wherein the one or more lens features are lens teatures hav-
ing a linear conical cross-sections.

19. An underwater light, comprising:

a housing configured to withstand underwater pressures at a
depth of approximately 100 meters or more, the housing
having a tront end with a port and a back end;

a port window, including one or more convex and/or con-
cave lens features, positioned at the front end of the hous-
ing within or behind the port; and

a circuit element, including a plurality of lighting elements,
positioned behind the window, with the lighting ele-
ments positioned 1 correspondence with the lens fea-
tures so as to generate a pre-defined tailored output beam,;

wherein the plurality of lens features comprise four or more
lens features.
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